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TRANSISTOR CONFIGURATION WITH A 
SHIELDING ELECTRODE OUTSIDE AN ACTIVE 
CELL ARRAY AND A REDUCED GATE-DRAIN 

CAPACITANCE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to a transistor con?guration 
having at least one active cell array, Which is formed from 
at least one transistor cell con?gured in a substrate. The 
transistor con?guration has an edge region that surrounds 
the active cell array at least in sections. The substrate has a 
substrate surface and a substrate rear side located opposite to 
the substrate surface, parallel to the substrate surface. The 
transistor cell has a gate electrode that is electrically insu 
lated from the substrate by an insulator layer. The edge 
region has an electrically conductive edge gate structure 
connected to the gate electrode. A drain Zone is provided in 
the substrate and is electrically conductively connected to a 
drain metalliZation of the transistor con?guration. 

[0002] In particular, the invention is bene?cial in transistor 
con?gurations, such as trench MOS (Metal Oxide Semicon 
ductor) poWer transistors, for instance, Which make it pos 
sible to control sWitching currents With high current inten 
sities (up to tens of amperes) by using control voltages in the 
region of a plurality of volts, in Which case the dielectric 
strength in the sWitched load circuit may amount to as much 
as hundreds of volts and the sWitching times are usually less 
than one microsecond. 

[0003] A trench MOS poWer transistor usually includes a 
semiconductor body having an active cell array and a 
passive edge region. Aplurality of trench transistor cells are 
con?gured one beside another and are electrically connected 
in parallel in the active cell array. 

[0004] Depending on the construction of the trench tran 
sistor cells, it is possible to realiZe, for example, normally on 
and normally off p-channel and n-channel trench MOS 
poWer transistors. 

[0005] FIG. 2 is a simpli?ed cross sectional vieW of an 
individual conventional trench transistor cell 3 of a normally 
off n-channel trench MOS poWer transistor 1. In this case, a 
semiconductor substrate of the trench MOS poWer transistor 
1 includes a heavily n-doped (n++-doped) basic substrate, 
Which forms a drain Zone 16. Con?gured on the drain Zone 
16 is a Weakly n-doped (n—-doped) drift Zone 24 that has 
emerged from an epitaxial method. 

[0006] The drift Zone 24 is adjoined by ?rst, p-doped and 
second, n++-doped diffusion regions. In this case, the 
p-doped diffusion regions form channel Zones 27 and the 
n++-doped diffusion regions form source Zones 26 of the 
trench transistor cell 3. Atrench 9 is provided in the diffusion 
regions. The inner surface of this trench 9 is lined With a gate 
oxide 25. The rest of the trench 9 is ?lled With conductive 
polysilicon Which forms a gate electrode 10. 

[0007] The gate electrode 10 is connected to a gate ter 
minal and the source Zones 26 are connected to a source 

terminal of the trench MOS poWer transistor. There is 
provided on the substrate surface 7 a ?eld oxide layer 18, 
Which electrically insulates the source Zones 26 and the gate 
electrode 10 from applied metalliZations. On a substrate rear 

Sep. 25, 2003 

side 8 located opposite to the substrate surface 7, a drain 
metalliZation 15 is con?gured adjoining the drain Zone 16 of 
the semiconductor body. 

[0008] In the Zero-voltage state, the conductive source 
Zones 26 are isolated from the drain Zone 16 by the p-doped 
channel Zones 27. If the gate electrode 10 is biased With a 
positive potential, then minority carriers, in this case elec 
trons, accumulate in the channel Zone 27, directly adjoining 
the gate oxide 25. As the positive bias of the gate electrode 
10 rises, an n-conducting channel forms in the originally 
p-conducting channel Zone 27 (inversion). 

[0009] As the current intensity rises betWeen the source 
Zone and the drain Zone, the temperature of the semicon 
ductor body increases and the mobility of the charge carriers 
in the channel Zone decreases. This effect means that trench 
transistor cells can be electrically connected in parallel in a 
simple manner. By Way of example, if a someWhat higher 
current initially ?oWs through one of the parallel-connected 
trench transistor cells in the sWitched-on state, then this 
leads to a greater temperature increase in this trench tran 
sistor cell. On account of the increased temperature, the 
mobility of the charge carriers in the channel is reduced and 
the trench transistor cell therefore acquires a higher resis 
tance. Consequently, the current is distributed betWeen 
cooler trench transistor cells connected in parallel. 

[0010] In the semiconductor body of a trench MOS poWer 
transistor, a trench transistor cell usually includes an elon 
gate trench. In the manner described above, it is possible, 
then, to arrange a plurality of these trenches one beside the 
other to form an active cell array. 

[0011] The maximum current intensity Which can be 
sWitched by a trench MOS poWer transistor is determined by 
the drain-source resistance (RDS(ON)) of the trench tran 
sistor cells connected in parallel. The minimum sWitching 
time or maximum operating frequency is essentially deter 
mined by the gate parameters of input resistance (RG) and 
input capacitance (CISS). 

[0012] The input resistance is essentially determined by 
the resistance of the gate electrodes in the trenches. Added 
to this is a smaller proportion, resulting from the resistance 
of the connecting lines betWeen a gate terminal of the trench 
MOS poWer transistor and the gate electrodes in the 
trenches. The input capacitance CISS results from adding 
the gate-source capacitance (CGS) and the gate-drain 
capacitance (CGD). 

[0013] A con?guration for trench transistor cells of the 
kind disclosed in FIG. 2 has a high capacitance betWeen the 
gate electrodes 10 and the drift Zone 24 assigned to the drain 
terminal. It results from the fact that the drift Zone 24 and the 
gate electrodes 10 are located opposite one another at the 
thin gate oxide 25. 

[0014] International Publication Wo 98/02925 (Franke et 
al.) discloses a MOS poWer transistor having a gate elec 
trode con?gured in a planar manner above the substrate 
surface. In this transistor, the sWitching times and sWitching 
losses are reduced because of a reduced gate-drain capaci 
tance CGD. In this case, a ?eld electrode connected to the 
source terminal of the MOS poWer transistor is respectively 
con?gured beside the gate electrode. The ?eld electrode 
shields the electrical charge on the gate electrode from the 
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drift Zone and reduces the area at Which the gate electrodes 
and the drift Zone are located opposite one another. 

[0015] Furthermore, US. Pat. No. 5,283,201 (Tsang et al.) 
discloses a trench MOS poWer transistor having a gate 
electrode con?gured in trenches in a semiconductor sub 
strate. A further region made of the material of the gate 
electrode is con?gured beloW the gate electrode, and this 
region is electrically insulated from the gate electrode. 

[0016] By means of concepts of the kind thus disclosed in 
US. Pat. No. 5,283,201 (Tsang et al.) for example, and also 
by means of a further miniaturiZation of the structures in the 
active cell array, it is possible to reduce the sWitching times 
and thus also the electrical sWitching losses that occur 
during the sWitching times in the active cell array of MOS 
poWer transistors. 

[0017] Since the sWitching losses reduce the effectiveness 
of circuits having MOS poWer transistors, for instance motor 
controllers or voltage converters, there is generally a 
demand for MOS poWer transistors having further improved 
sWitching properties and further reduced sWitching losses. 

SUMMARY OF THE INVENTION 

[0018] It is accordingly an object of the invention to 
provide a transistor con?guration Which overcomes the 
above-mentioned disadvantages of the prior art apparatus of 
this general type. 

[0019] In particular, it is object of the invention to provide 
a transistor con?guration having a reduced gate-drain 
capacitance in order to obtain an improved sWitching behav 
ior compared With conventional transistor con?gurations. 

[0020] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a transistor 
con?guration including: a substrate; at least one active cell 
array including at least one transistor cell con?gured in the 
substrate; an edge region surrounding at least sections of the 
active cell array; an insulator layer; a drain Zone con?gured 
in the substrate; and at least one shielding electrode. The 
substrate has a substrate surface and a substrate rear side 
located opposite the substrate surface. The transistor cell has 
a gate electrode electrically insulated from the substrate by 
the insulator layer. The edge region has an electrically 
conductive edge gate structure connected to the gate elec 
trode. At least sections of the shielding electrode are con 
?gured betWeen the edge gate structure and the drain Zone. 

[0021] In accordance With an added feature of the inven 
tion, a trench is formed in the substrate; the transistor cell is 
con?gured along the trench; and the gate electrode is con 
?gured in the trench. 

[0022] In accordance With an additional feature of the 
invention, there is provided: a trench formed in the substrate; 
a further insulator layer; and a ?eld electrode oriented 
toWard the substrate rear side. The ?eld electrode is con?g 
ured in the trench and beloW the gate electrode. The ?eld 
electrode is electrically insulated from the gate electrode and 
from the substrate by the insulator layer and the further 
insulator layer. 

[0023] In accordance With another feature of the inven 
tion, the active cell array includes a plurality of transistor 
cells. 
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[0024] In accordance With a further feature of the inven 
tion, the plurality of transistor cells are con?gured in strip 
form. 

[0025] In accordance With a further added feature of the 
invention, the plurality of transistor cells are con?gured in 
strip form and in parallel one beside another. 

[0026] In accordance With a further additional feature of 
the invention, there is provided: a trench formed in the 
substrate; a further insulator layer; and a ?eld electrode 
oriented toWard the substrate rear side. The ?eld electrode is 
con?gured in the trench and beloW the gate electrode. The 
?eld electrode is electrically insulated from the gate elec 
trode and from the substrate by the insulator layer and the 
further insulator layer. The shielding electrode is electrically 
conductively connected to the ?eld electrode. 

[0027] In accordance With another added feature of the 
invention, a source metalliZation is electrically conductively 
connected to the shielding electrode. 

[0028] In accordance With another additional feature of the 
invention, a control device is electrically conductively con 
nected to the shielding electrode. The control device is for 
controlling a potential on the shielding electrode to coun 
teract a crosstalk of signals betWeen the edge gate structure 
and the drain Zone. 

[0029] In accordance With another further feature of the 
invention, the edge gate structure is embodied as a gate ring 
made of polysilicon that at least partly encloses the active 
cell array. 

[0030] In accordance With yet an added feature of the 
invention, a plurality of insulator layers are provided. The 
shielding electrode is con?gured as a planar layer made of 
doped polysilicon located betWeen the substrate surface and 
the edge gate structure. The plurality of insulator layers 
electrically insulate the shielding electrode from the sub 
strate surface and the edge gate structure. 

[0031] In accordance With yet an additional feature of the 
invention, a Well is formed in the substrate beloW the edge 
gate structure. The shielding electrode is formed by that Well 
Well. The edge region is a part of the substrate having a 
doping of a ?rst conductivity type. The Well has a doping of 
a conductivity type opposite the ?rst conductivity type. 

[0032] In accordance With yet another feature of the 
invention, a further insulator layer having a large layer 
thickness is con?gured betWeen the edge gate structure and 
the shielding electrode. The further insulator layer mini 
miZes a capacitance betWeen the edge gate structure and the 
shielding electrode. 

[0033] In accordance With yet a further feature of the 
invention, there is provided: a ?rst metalliZation plane 
having a source metalliZation and a gate metalliZation; and 
a second metalliZation plane located betWeen the substrate 
surface and the ?rst metalliZation plane. The edge gate 
structure includes a material of a high conductivity in the 
second metalliZation plane. 

[0034] In accordance With an added feature of the inven 
tion, a gate metalliZation forms the edge gate structure. 

[0035] In accordance With an additional feature of the 
invention, the edge gate structure includes aluminum. 
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[0036] In accordance With another feature of the inven 
tion, a conductive drain-up structure is con?gured in the 
substrate; and a metalliZation is con?gured above the sub 
strate surface. The conductive drain-up structure is electri 
cally insulated from the substrate. The conductive drain-up 
structure electrically conductively connects the drain Zone to 
the metalliZation con?gured above the substrate surface. 

[0037] In accordance With a further feature of the inven 
tion, there is provided a drain metalliZation adjoining the 
drain Zone. The drain Zone is electrically conductively 
connected to the drain metalliZation. 

[0038] In accordance With a further added feature of the 
invention, there is provided: a plurality of adjacent transistor 
cells having a plurality of trenches and a plurality of gate 
electrodes; and a plurality of transverse trenches con?gured 
betWeen the plurality of trenches of the plurality of adjacent 
transistors cells. The plurality of transverse trenches elec 
trically conductively connect the plurality of the gate elec 
trodes of the plurality of adjacent transistors cells. 

[0039] In accordance With a further additional feature of 
the invention, there is provided: a plurality of adjacent 
transistor cells having a plurality of trenches and a plurality 
of ?eld electrodes; and a plurality of transverse trenches 
con?gured betWeen the plurality of trenches of the plurality 
of adjacent transistors cells. The plurality of transverse 
trenches electrically conductively connect the plurality of 
the ?eld electrodes of the plurality of adjacent transistors 
cells. 

[0040] In the inventive transistor con?guration, the gate 
drain capacitance is reduced by a shielding electrode having 
at least in sections con?gured in an edge region surrounding 
an active cell array in each case betWeen an edge gate 
structure and a drain Zone. 

[0041] The edge region functionally serves for contact 
connecting the gate electrodes of the transistor cells and 
also, in more recent concepts, for contact-connecting the 
?eld electrodes. To that end, the transistor cells are length 
ened beyond the active cell array. In order to minimize the 
nonreactive gate input resistance, the gate electrodes, Which 
are usually formed from a heavily doped polysilicon, are 
enlarged in the edge region to form eXtensive edge gate 
structures and are connected to an applied gate metalliZation 
using a plurality of plated-through holes. 

[0042] In this case, the eXtensive edge gate structure 
forms, in the edge regions, a ?rst electrode of a planar 
gate-drain capacitance CISS(Edge), Whose counterelectrode 
is formed by the drift Zone. The gate-drain capacitance 
CISS(Edge) in the edge region is added to the gate-drain 
capacitance CISS(Array) of the transistor cells in the active 
cell array to give the total input capacitance CISS= 
CISS(Edge)+CISS(Array). The smaller the gate-drain 
capacitance of the active cell array, the larger the relative 
proportion of the total gate-drain capacitance of the transis 
tor con?guration that is made up by the gate-drain capaci 
tance in the edge region. In the case of trench MOS poWer 
transistors optimiZed With regard to on-state losses, for 
instance, the edge proportion formed by the gate-drain 
capacitance of the edge region typically turns out to be small 
on account of the large area of the active cell array. HoWever, 
since, in more recent concepts, the same drain-source resis 
tance can be realiZed in the on state RDS(ON) even With 
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signi?cantly smaller active cell arrays, the sWitching behav 
ior of such MOS poWer transistors is increasingly being 
in?uenced by the edge proportion of the gate-drain capaci 
tance. 

[0043] The proportion of the total gate-drain capacitance 
of the MOS poWer transistor, Which is made up by the 
gate-drain capacitance of the edge region surrounding the 
active cell array and a further periphery of the MOS poWer 
transistor, is gaining in importance as a result. 

[0044] A sWitching behavior of a poWer transistor is 
generally determined by the sWitching time, Which identi?es 
the time Within Which the drain-source path of the poWer 
transistor undergoes transition from the conducting to the 
blocking state, or vice versa. In this case, the sWitching time 
determines the operating frequency of the poWer transistor. 
On the other hand, the sWitching behavior of a poWer 
transistor is characteriZed by the sWitching losses Which 
arise during the changeover operation in the semiconductor 
structure and have to be dissipated. In this case, the sWitch 
ing losses are in turn essentially determined by the sWitching 
times. 

[0045] In this case, the sWitching time is determined by a 
time constant that is determined by the nonreactive input 
resistance of the gate electrode, and also by a charge QG on 
the gate electrode. The magnitude of the charge is dependent 
on a variable input capacitance CISS. The input capacitance 
CISS results from the gate-source capacitance and the 
gate-drain capacitance of the poWer transistor. Since, in 
more recent concepts for trench MOS poWer transistors, the 
gate-drain capacitance in an active cell array is greatly 
reduced by the con?guration of a ?eld electrode, the gate 
drain capacitance of such trench MOS poWer transistors is 
also determined to a not inconsiderable eXtent by an edge 
capacitance con?gured betWeen an edge gate structure con 
?gured in an edge region surrounding the active cell array 
and a drift Zone in the semiconductor body of the trench 
MOS poWer transistor. 

[0046] Although a simple reduction of the area of the edge 
gate structures leads, on the one hand, to a reduction of the 
input capacitance, it nevertheless leads, on the other hand, to 
an increase in the input resistance. If, instead of this, 
shielding electrodes are con?gured betWeen the edge gate 
structures and the drain Zone, then this leads to a reduction 
of the gate-drain capacitance in the edge region Without 
increasing the nonreactive resistance of the lead to the gate 
electrodes at the same time. 

[0047] This shielding electrode is electrically insulated 
both from the edge gate structures and from the drain Zone 
or the substrate by insulator layers. In this case, each of the 
insulator layers can be realiZed as a single layer, for instance, 
as an oXide layer, or as a multilayer system. 

[0048] The shielding electrode is advantageously con 
nected to the ?eld electrode in the active cell array, With the 
result that shielding is effected in the active cell array and in 
the edge region With an identical shielding potential. 

[0049] In a particularly preferred embodiment of the tran 
sistor con?guration, the shielding electrodes are electrically 
conductively connected, at least in part, together With the 
?eld electrodes and With a source metalliZation of a trench 
MOS poWer transistor. This results in the gate-drain capaci 
tance of the edge region being converted into a gate-source 
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capacitance and a source-drain capacitance. The in?uence 
thereof on the switching behavior of the trench MOS power 
transistor is signi?cantly smaller than the in?uence of the 
gate-drain capacitance. 

[0050] In a further preferred embodiment of the transistor 
con?guration, the shielding electrode is electrically conduc 
tively connected to a control device. Such a control device 
controls a potential on the shielding electrode Which sup 
ports the shielding or the sWitching operation. The control 
device may be provided in other regions of the semicon 
ductor body of the transistor con?guration. As an alternative 
to this, the shielding electrodes are connected to an addi 
tional electrical terminal of the transistor con?guration, via 
Which terminal, a suitable signal for optimiZing the shielding 
behavior or sWitching behavior of the transistor con?gura 
tion is fed in as required in an application-speci?c manner. 

[0051] The transistor con?guration advantageously has a 
gate ring made of heavily doped polysilicon, Which at least 
partly encloses an active cell array. The gate ring serves as 
an edge gate structure above the substrate surface, and is 
electrically insulated from the latter by an insulation layer. 
A shielding electrode is situated beloW the gate ring. Both 
the nonreactive input resistance and the input capacitance 
are minimiZed by such a combination of gate ring and 
shielding electrode. 

[0052] The shielding electrode is preferably con?gured as 
a planar layer made of doped polysilicon betWeen a substrate 
surface and the edge gate structure. The edge gate structure 
and the shielding electrode are electrically insulated from 
one another by at least one insulator layer. Such a realiZation 
of the shielding electrode made of doped polysilicon on the 
substrate surface is particularly advantageous in terms of 
production technology because, for instance, in the case of 
customary trench MOS poWer transistors With ?eld elec 
trodes, such a planar layer made of polysilicon can be 
produced together With structures that are required for the 
contact-connection of the ?eld electrodes. 

[0053] In a further preferred embodiment of the transistor 
con?guration, the shielding electrode is constructed by 
doping the substrate in a region situated beloW the edge gate 
structures. In this case, the region forming the shielding 
electrode has a doping of a conductivity type that is opposite 
the conductivity type of the doping of the surrounding 
substrate. In the edge region, the doping of the substrate of 
a trench MOS poWer transistor usually has the doping of the 
drift Zone. This is a light n—-type doping in the case of 
n-channel MOS poWer transistors. Accordingly, the region 
of the shielding electrode then has a p-type doping. Since, in 
the case of trench MOS poWer transistors, the drift Zone is 
subjected to implantation steps anyWay at least for the 
purpose of forming channel Zones and source Zones, the 
shielding electrode can be realiZed simply in this Way 
Without special additional outlay. 

[0054] In a further preferred embodiment of the invention, 
edge gate structures made of polysilicon are greatly reduced 
in terms of their extent and instead of this, are embodied as 
gate structures in the metalliZation plane. Since the material 
of the metalliZation plane, for instance aluminum, has a 
loWer resistivity than doped polysilicon, these structures can 
be provided With a smaller area for the same nonreactive 
resistance. Moreover, the metalliZation plane bears on an 
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insulator layer, for instance an oxide layer, Which is usually 
made very thick relative to the other layers for functional 
reasons. 

[0055] The invention has been explained above in each 
case using the example of a trench transistor cell. The 
invention can furthermore be extended in an obvious manner 

to IGBTs (Insulated Gate Bipolar Transistors), transistor 
con?gurations With a planar structure, and those With a 
drain-up structure. 

[0056] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0057] Although the invention is illustrated and described 
herein as embodied in a transistor con?guration With a 
shielding electrode outside an active cell array and a reduced 
gate-drain capacitance, it is nevertheless not intended to be 
limited to the details shoWn, since various modi?cations and 
structural changes may be made therein Without departing 
from the spirit of the invention and Within the scope and 
range of equivalents of the claims. 

[0058] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] FIG. 1 is a simpli?ed diagrammatic cross sectional 
vieW taken through a ?rst exemplary embodiment of a 
transistor con?guration shoWing the transition region 
betWeen the active cell array and the edge region; 

[0060] FIG. 2 is a diagrammatic, greatly simpli?ed cross 
sectional vieW taken through a prior art trench transistor cell; 

[0061] FIG. 3 is a diagrammatic, simpli?ed plan vieW of 
a portion of a trench MOS poWer transistor; 

[0062] FIG. 4 is a diagrammatic cross sectional vieW 
taken through a section of an edge region of a conventional 
transistor con?guration; 

[0063] FIG. 5 is a diagrammatic cross sectional vieW 
taken through an edge region of a second exemplary 
embodiment of the transistor con?guration; 

[0064] FIG. 6 is a diagrammatic cross sectional vieW 
taken through an edge region of a third exemplary embodi 
ment of the transistor con?guration; and 

[0065] FIG. 7 is a family of characteristic curves shoWing 
the gate-source voltage UGS versus the gate charge QG. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0066] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1 thereof, there is 
diagrammatically shoWn a transistor con?guration 1 embod 
ied as a trench MOS poWer transistor With source, drain and 
gate terminals. The trench MOS poWer transistor is embod 
ied as an n-channel MOSFET With a vertical double-diffused 

trench structure (VDMOSFET, vertical double-diffused 
metal oxide semiconductor ?eld effect transistor). In this 
case, a drain metalliZation 15 is connected to the drain 
terminal and is con?gured on a substrate rear side 8 of a 
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substrate 6. In the substrate, an n++-doped drain Zone 16 
adjoins the drain metalliZation 15. Opposite to the drain 
metalliZation 15, the drain Zone 16 is adjoined by a drift Zone 
24. A space charge Zone forms in the drift Zone 24 during 
off-state operation of the trench MOS poWer transistor. The 
extent of this space charge Zone essentially determines the 
maximum reverse voltage of the trench MOS poWer tran 
sistor. It has a Weak n-type doping in comparison With the 
drain Zone 16. 

[0067] In an active cell array 2, trenches 9 are con?gured 
in the substrate 6. The trenches 9, Which are illustrated in 
cross section, extend parallel in a direction perpendicular to 
the cross-sectional area in this example. The trenches 9 are 
lined With a ?rst insulator layer 12, by Which gate electrodes 
10 and ?eld electrodes 11 con?gured Within the trenches 9 
are electrically insulated from the substrate. The gate elec 
trodes 10 and the ?eld electrodes 11 are electrically insulated 
from one another by a second insulator layer 13. In regions 
betWeen the trenches 9, the drift Zone 24 of the substrate 6 
is adjoined by channel Zones 27 located approximately 
opposite the gate electrodes 10. Source Zones 26 are pro 
vided betWeen the channel Zones 27 and the substrate 
surface 7. The ?eld electrodes 11 reduce the capacitance 
betWeen the gate electrodes 10 and the drift Zone 24. A 
source metalliZation 21 is electrically conductively con 
nected to the source Zones 26 by using plated-through holes 
28. The source metalliZation 21 is electrically insulated from 
the gate electrodes 10 by an intermediate oxide layer 19. The 
material both of the gate electrodes 10 and of the ?eld 
electrodes 11 is heavily doped polysilicon, for example. The 
conductivity of the gate electrode 10 can be improved for 
example by providing an additional layer in the gate elec 
trode 10, for instance a silicide layer. The trench 9 With a 
gate electrode 10 and the ?eld electrode 11 forms, together 
With the adjoining doped regions of the substrate 6, a trench 
transistor cell 3 extending as far as the drain Zone 16. 

[0068] If a positive potential is applied to the gate elec 
trode 10 in such an active transistor cell 3, then in the 
p-doped channel Zone 27 located opposite the gate electrode 
10 at the insulator layer 12 in the region of the gate oxide 25, 
an n-conducting inversion channel forms from the minority 
carriers (electrons) of the p-doped channel Zone 27 that have 
accumulated there. 

[0069] In an edge region 4 of the trench MOS poWer 
transistor 1, ?rst, the ?eld electrodes 11 con?gured in the 
trenches 9 are contact-connected to the source metalliZation 
21. Second, the gate electrodes 10 con?gured in the trenches 
9 are contact-connected to a gate metalliZation 20. Further 
more, the edge region 4 illustrated represents an exemplary 
embodiment of a shielding electrode 17. 

[0070] The ?eld electrodes 11 con?gured in the trenches 9 
are contact-connected for example in a cross-sectional plane 
II, Which is con?gured in a vertical direction parallel to the 
?rst cross-sectional plane I. In the trenches 9, Which run 
perpendicularly to the cross-sectional plane I, the gate 
electrodes 10 do not extend over the entire length of the 
trenches 9, so that, in a termination region of the trenches 9, 
the respective ?eld electrode 11 is contact-connected in the 
manner shoWn in the plane II. Each ?eld electrode 11 draWn 
over the substrate surface 7 is electrically conductively 
connected to the source metalliZation 21. A shielding elec 
trode 17 extending above the substrate surface 7 is addi 
tionally formed. 
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[0071] In a further cross-sectional plane III, Which extends 
betWeen the ?rst cross-sectional plane I and the second 
cross-sectional plane II parallel to the latter, the gate elec 
trodes 10 are electrically connected to an edge gate structure 
14. The edge gate structure 14 is electrically conductively 
connected to the gate metalliZation 20. In this example, the 
gate edge structures 14 and the shielding electrodes 17 are 
formed from doped polysilicon. The source metalliZation 21, 
the gate metalliZation 20, the gate edge structure 14, the 
shielding electrode 17, and also the substrate 6 are electri 
cally insulated from one another in each case by a ?rst 
insulator layer 18 (?eld oxide layer), a second insulator layer 
19 (intermediate oxide layer) and also a further insulator 
layer 13. 

[0072] In this example, the gate-drain capacitance of the 
trench MOS poWer transistor 1 is reduced by the ?eld 
electrodes 11 in the active cell array 2 to an extent such that 
the sWitching behavior of the trench MOS poWer transistor 
1 is additionally signi?cantly improved through the provi 
sion of the shielding electrode 17, betWeen the drain Zones 
16, 24 and the edge gate structure 14 in the edge region 4 of 
the trench MOS poWer transistor 1. 

[0073] FIG. 3 is a plan vieW of a simpli?ed diagrammati 
cally illustrated portion of the surface of a trench MOS 
poWer transistor 1. In this case, the trench MOS poWer 
transistor 1 has at least one active cell array 2, each of Which 
is surrounded by edge regions 4. The cell array 2 has trench 
transistor cells 3 With trenches 9 con?gured one beside the 
other in the active cell array 2. The trenches 9 are lengthened 
into the edge region 4 or connected by dedicated connection 
strips in Which the gate electrodes 10 and ?eld electrodes 11 
con?gured in the trenches 9 are respectively contact-con 
nected. In order to minimiZe the nonreactive resistance in the 
lead to the gate electrodes 10, the edge region 4 in this case 
has an edge gate structure 14 made of doped polysilicon. An 
electrically conductive connection is provided betWeen the 
edge gate structure 14 and the gate electrodes 10 con?gured 
in the trenches 9. Using plated-through holes 28, a gate 
metalliZation 20 con?gured on the surface of the trench 
MOS poWer transistor 1 is electrically conductively con 
nected to the edge gate structure, Which is isolated from the 
metalliZation by at least one insulator layer. 

[0074] FIG. 4 is a diagrammatic cross sectional vieW 
taken through a portion of an edge region 4 of a conventional 
transistor con?guration. In this case, a ?eld oxide layer 18 is 
con?gured above a drift Zone 24 and electrically insulates 
the drift Zone 24 from the edge gate structure 14 bearing in 
sections on the ?eld oxide layer 18. Afurther insulator layer 
19 (intermediate oxide layer) insulates the edge gate struc 
ture 14 from further conductive layers, for instance a source 
metalliZation 21. The gate metalliZation 20 is electrically 
conductively connected to the underlying edge gate structure 
14, Which is usually formed from doped polysilicon, by 
means of plated-through holes 28. 

[0075] The gate edge structure 14 forms, by Way of the 
intervening ?eld oxide layer 18 and the underlying drift Zone 
24, a capacitance CGD Which adversely affects the sWitch 
ing behavior of the transistor con?guration. 

[0076] FIG. 5 shoWs an edge region 4 of a second 
exemplary embodiment of a transistor con?guration embod 
ied as a trench MOS poWer transistor. In contrast to the 
con?guration illustrated from FIG. 4, a shielding electrode 
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17 is provided in sections on a ?eld oxide layer 18 bearing 
on a drift Zone 24. The shielding electrode is electrically 
conductively connected to a source metalliZation 21. An 
edge gate structure 14 is isolated from the shielding elec 
trode 17 by an insulator layer 13. The edge gate structure 14 
is electrically conductively connected to a gate metalliZation 
20 via plated-through holes 28. In this con?guration, the 
shielding electrode 17 transforms the capacitance betWeen 
the edge gate structure 14 and the drift Zone 24 into a 
capacitance betWeen the edge gate structure 14 and the 
shielding electrode 17, that is to say into a capacitance 
betWeen the gate terminal and the source terminal. This 
capacitance in?uences the sWitching behavior of the trench 
MOS poWer transistor considerably less than the capacitance 
betWeen the gate terminal and the drain terminal. 

[0077] FIG. 6 illustrates the edge region 4 of a third 
exemplary embodiment of a transistor con?guration embod 
ied as a trench MOS poWer transistor in Which a shielding 
electrode 17, 22 is provided. In this case, the shielding 
electrode 17, 22 is realiZed as a p-doped region beloW the 
substrate surface 7 in the drift Zone 24, Which is n—-doped 
in this eXample. 

[0078] FIG. 7 is a graph of a family of characteristic 
curves of the gate-source potential UGS versus the gate 
charge QG for different instances of the edge regions of 
trench MOS poWer transistors. If, proceeding from an 
uncharged gate electrode, the charge of the gate electrode is 
increased by a constant charging current, then the potential 
betWeen the gate and the source rises virtually linearly in a 
?rst region A. 

[0079] In a second region B, a further increase in charge 
leads only to a very small change in the potential difference 
betWeen the gate and the source. In this region, a further 
driving of the source-drain path of the trench MOS poWer 
transistor is initially delayed. The ?at characteristic-curve 
section in region B is referred to as the Miller plateau, the 
length of Which is a measure of a duration of the sWitching 
operation of a MOS transistor. 

[0080] In a third region C, the relationship betWeen the 
charge on the gate electrode and the potential betWeen the 
gate and the source is virtually linear again. The markedness 
(length) of the Miller plateau is dependent on the magnitude 
of the gate-drain capacitance. The larger the gate-drain 
capacitance, the more marked (longer) the Miller plateau, 
and the more additional charge has to be applied to the gate 
electrode. 

[0081] The characteristic curve “a” describes the behavior 
of an idealiZed trench MOS poWer transistor Which eXclu 
sively has an active cell array Without an edge region and in 
Whose trench transistor cells, ?eld electrodes are con?gured. 

[0082] The characteristic curve “b” represents the behav 
ior of a conventional trench MOS poWer transistor having an 
edge gate structure that is electrically insulated from the 
substrate by a ?eld oXide layer. 

[0083] The characteristic curve “c” identi?es the behavior 
of the ?rst eXemplary embodiment of a trench MOS poWer 
transistor in Which a shielding electrode made of polysilicon 
is con?gured betWeen the edge gate structure and the 
substrate. 

[0084] Finally, the characteristic curve “d” describes the 
relationship betWeen the gate-source potential and the gate 
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charge for a trench MOS poWer transistor in Which the edge 
gate structure is reduced to a gate metalliZation. In this case, 
the gate metalliZation is electrically insulated from a shield 
ing electrode by an intermediate oXide layer and the shield 
ing electrode is electrically insulated from the substrate by 
a ?eld oXide layer. 

We claim: 
1. A transistor con?guration, comprising: 

a substrate; 

at least one active cell array including at least one 
transistor cell con?gured in said substrate; 

an edge region surrounding at least sections of said active 
cell array; 

an insulator layer; 

a drain Zone con?gured in said substrate; and 

at least one shielding electrode; 

said substrate having a substrate surface and a substrate 
rear side located opposite said substrate surface; 

said transistor cell having a gate electrode electrically 
insulated from said substrate by said insulator layer; 

said edge region having an electrically conductive edge 
gate structure connected to said gate electrode; and 

at least sections of said shielding electrode con?gured 
between said edge gate structure and said drain Zone. 

2. The transistor con?guration according to claim 1, 
further comprising: a trench formed in said substrate; said 
transistor cell con?gured along said trench; and said gate 
electrode con?gured in said trench. 

3. The transistor con?guration according to claim 1, 
further comprising: 

a trench formed in said substrate; 

a further insulator layer; and 

a ?eld electrode oriented toWard said substrate rear side; 

said ?eld electrode con?gured in said trench and beloW 
said gate electrode; and 

said ?eld electrode electrically insulated from said gate 
electrode and from said substrate by said insulator layer 
and said further insulator layer. 

4. The transistor con?guration according claim 1, Wherein 
said active cell array includes a plurality of transistor cells. 

5. The transistor con?guration according claim 4, Wherein 
said plurality of transistor cells are con?gured in strip form. 

6. The transistor con?guration according to claim 4, 
Wherein said plurality of transistor cells are con?gured in 
strip form and in parallel one beside another. 

7. The transistor con?guration according to claim 1, 
further comprising: 

a trench formed in said substrate; 

a further insulator layer; and 

a ?eld electrode oriented toWard said substrate rear side; 

said ?eld electrode con?gured in said trench and beloW 
said gate electrode; 
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said ?eld electrode electrically insulated from said gate 
electrode and from said substrate by said insulator layer 
and said further insulator layer; 

said shielding electrode electrically conductively con 
nected to said ?eld electrode. 

8. The transistor con?guration according to claim 1, 
further comprising a source metalliZation electrically con 
ductively connected to said shielding electrode. 

9. The transistor con?guration according to claim 1, 
further comprising: 

a control device electrically conductively connected to 
said shielding electrode; 

said control device for controlling a potential on said 
shielding electrode for counteracting a crosstalk of 
signals betWeen said edge gate structure and said drain 
Zone. 

10. The transistor con?guration according to claim 1, 
Wherein said edge gate structure is embodied as a gate ring 
made of polysilicon that at least partly encloses said active 
cell array. 

11. The transistor con?guration according to claim 1, 
further comprising: 

a plurality of insulator layers; 

said shielding electrode con?gured as a planar layer made 
of doped polysilicon located betWeen said substrate 
surface and said edge gate structure; and 

said plurality of insulator layers electrically insulating 
said shielding electrode from said substrate surface and 
said edge gate structure. 

12. The transistor con?guration according to claim 1, 
further comprising: 

a Well formed in said substrate beloW said edge gate 
structure; 

said shielding electrode being formed by said Well; 

said edge region being a part of said substrate having a 
doping of a ?rst conductivity type; and 

said Well having a doping of a conductivity type opposite 
the ?rst conductivity type. 

13. The transistor con?guration according to claim 1, 
further comprising: 

a further insulator layer having a large layer thickness 
con?gured betWeen said edge gate structure and said 
shielding electrode; and 

said further insulator layer minimizing a capacitance 
betWeen said edge gate structure and said shielding 
electrode. 

14. The transistor con?guration according to claim 1, 
further comprising: 
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a ?rst metalliZation plane having a source metalliZation 
and a gate metalliZation; and 

a second metalliZation plane located betWeen said sub 
strate surface and said ?rst metalliZation plane; 

said edge gate structure including a material of a high 
conductivity in said second metalliZation plane. 

15. The transistor con?guration according to claim 1, 
further comprising a gate metalliZation forming said edge 
gate structure. 

16. The transistor con?guration according to claim 1, 
Wherein said edge gate structure includes aluminum. 

17. The transistor con?guration according to claim 1, 
further comprising: 

a conductive drain-up structure con?gured in said sub 
strate; and 

a metalliZation con?gured above said substrate surface; 

said conductive drain-up structure being electrically insu 
lated from said substrate; 

said conductive drain-up structure electrically conduc 
tively connecting said drain Zone to said metalliZation 
con?gured above said substrate surface. 

18. The transistor con?guration according to claim 1, 
further comprising: 

a drain metalliZation adjoining said drain Zone; 

said drain Zone being electrically conductively connected 
to said drain metalliZation. 

19. The transistor con?guration according to claim 1, 
further comprising: 

a plurality of adjacent transistor cells having a plurality of 
trenches and a plurality of gate electrodes; 

a plurality of transverse trenches con?gured betWeen said 
plurality of trenches of said plurality of adjacent tran 
sistors cells; 

said plurality of transverse trenches electrically conduc 
tively connecting said plurality of said gate electrodes 
of said plurality of adjacent transistors cells. 

20. The transistor con?guration according to claim 1, 
further comprising: 

a plurality of adjacent transistor cells having a plurality of 
trenches and a plurality of ?eld electrodes; 

a plurality of transverse trenches con?gured betWeen said 
plurality of trenches of said plurality of adjacent tran 
sistors cells; 

said plurality of transverse trenches electrically conduc 
tively connecting said plurality of said ?eld electrodes 
of said plurality of adjacent transistors cells. 

* * * * * 


